Multilevel analyses suggest that neighborhood disadvantage may negatively affect residents' health, over and above the effects of personal disadvantages. A multilevel analysis adjusts for individual socioeconomic and demographic status when correlating health with aggregate neighborhood conditions. Multilevel research often finds poorer health associated with indications of neighborhood disadvantage net of personal attributes, although the estimated effects of neighborhood characteristics tend to be small and inconsistent compared to those of individual attributes. Robert (1998) correlated three health measures with the proportion of households in the census tract receiving public assistance, the percent of families with incomes of less than $30,000, and the percent of adults unemployed. An index of the three aspects of neighborhood economic disadvantage correlates significantly with a resident's number of diagnosed chronic conditions, and the percentage of families receiving public assistance correlates significantly with self-reported health, even with adjustment for personal education and household income and assets. However, the correlations with physical functioning were not statistically significant after adjusting for individual-level socioeconomic status (Robert 1998) . Two multilevel studies examine the association of heart disease with neighborhood disadvantage. One finds that neighborhood socioeconomic deprivation is associated with heart disease in the United States, adjusting for individual socioeconomic status (Diez-Roux et al. 1997); another finds neighborhood public assistance and poverty rates, low median income, and female headship rates predict women's heart disease mortality (LeClere, Rogers, and Peters 1998). Some multilevel studies look at the association of all-cause mortality with measures of neighborhood disadvantage. One finds that low median income in American neighborhoods predicts greater mortality among men, but not women, adjusting for individual-level education and household income relative to needs (LeClere, Rogers, and Peters 1997). A U.S. urban study finds neighborhood poverty associated with mortality among younger Americans, but not among those over age 55, with adjustment for individual level socioeconomic status (Waitzman and Smith 1998) . British studies find ward-level deprivation associated with poor respiratory functioning, heart symptoms, and poor self-reported health (Jones and Duncan 1995) , and with chronic illness (Sloggett and Joshi 1998), but not with allcause mortality (Sloggett and Joshi 1994), adjusting for individual-level socioeconomic status.
The overall pattern of findings suggests that neighborhood disadvantage may correlate with some collective or environmental factor that impairs health net of the impact of personal disadvantages that lead individuals to live in such neighborhoods. However, the tenuous and inconsistent correlations suggest that neighborhood disadvantage does not directly impair health, but rather predisposes neighborhoods to the harmful conditions. The mechanisms by which neighborhood disadvantage may affect health are largely unknown. This study examines the possibility that neighborhood disorder is one link.
Neighborhood Disorder and Health
Daily exposure to a threatening, noxious environment may erode health. Neighborhoods with high levels of disorder present residents with observable signs and cues that social control is weak (Skogan 1986; 1990 Skogan 1986 Skogan , 1990 . These signs indicate a potential for harm, even to residents who have not been victimized. The signs of disorder suggest that many neighbors do not respect other people or their property, that agents of social control are unable or unwilling to cope with local problems, and that the neighborhood has been abandoned and its residents must fend for themselves (Skogan 1990; Taylor and Hale 1986) .
A threatening and noxious environment characterized by crime, harassment, danger, and incivility may undermine physical health for several reasons. One reason is that such an environment may discourage the physical activity needed to maintain health. Another reason is that it may stimulate psychophysiological responses that directly undermine health. We discuss these below.
Disorder, fear, and walking. According to current biomedical theory, threats stimulate the fight or flight response, which has two phases (Memler, Cohen, and Wood 1996; Thibodeau and Patton 1997). In the initial alarm stage, sympathetic nerve fibers stimulate the adrenal medulla to release the hormone epinephrine and the neurotransmitter norepinephrine. This increases heart rate; blood pressure; and respiration rate; dilates the blood vessels of the heart, lungs, and skeletal muscles; constricts the vessels of the digestive tract; and releases glucose from the liver into the blood. The activation of the sympathetic nerves also stimulates the sweat glands and suppresses the salivary glands. These physiological responses may be experienced as illness, particularly if the response becomes frequent or generalized and thus seemingly detached from specific stimuli. Individuals exposed to chronic psychosocial strains develop heightened reactivity (Pike et al. 1997; Pruessner et al. 1997) . They enter the stage of alarm more readily, quickly, and intensely, and take longer to recover from it.
In the follow-up resistance stage of the "fight or flight" response, an endocrine gland in the brain called the anterior pituitary releases adrenocorticotropic stimulating hormone (ACTH), which stimulates the release of cortisone and cortisol (hydrocortisone) from the adrenal cortex. These hormones suppress pain, inflammation, allergy, and immunity. They raise blood glucose levels by decreasing glucose metabolism and accelerating the conversion of fats and proteins (including muscle) to glucose. While cortisone and cortisol relieve some symptoms, they appear to create others-notably fatigue and sleep disturbance (Glaser and Kiecolt-Glaser 1998; Brunner 1997). Excess cortisone and cortisol produces central obesity, hypertension, and hyperglycemia (Thibodeau and Patton 1997).
The hormones released in both phases of the stress response may reduce resistance to infections and cancers (Glaser et . Stressors can precipitate heart problems such as irregular beat (arrhythmia) and platelet clotting which can produce inadequate bloodflow (ischemia), perhaps resulting in death of heart tissue (infarction). The alarm phase of the "fight-orflight" response thus may stimulate a heart attack. It also can damage the lining of coronary arteries, instigating the formation of plaque that eventually occludes the arteries. Chronic stress increases "allostatic load," which "refers to the price the body pays for being forced to adapt to adverse psychosocial or physical situations" (McEwen 2000:110). For example, the cortisol released in the resistance phase apparently accelerates the progressive thickening and hardening of arteries through the buildup of fatty plaque (atherosclerosis) and perhaps also the buildup of calcium salts and scar tissue (arteriosclerosis) throughout the body, including arteries supplying the heart, brain, and other vital organs. Atherosclerosis interacting with high blood pressure (another result of chronic stress) can develop into coronary heart disease (McEwen 2000).
In sum, repeated exposure to threatening conditions may impair health. People exposed to neighborhood disorder seem likely to experience more frequent and intense activation of the stress response, with possible consequences for their health.
Hypotheses
We hypothesize that (1) health correlates negatively with neighborhood disadvantage adjusting for personal disadvantage, and that (2) neighborhood disorder mediates the association, (3) partly because disorder and the fear associated with it discourage walking and (4) partly because they directly impair health.1 Figure 1 shows the processes by which neighborhood disadvantage may influence health.
METHODS

Multilevel Data and Model
In order to test the hypothesis that the neighborhood in which a person lives affects physical well-being, we distinguish individual from neighborhood disadvantage. Disadvantaged neighborhoods contain persons who, on average, are disadvantaged themselves; thus, it is possible that geographically-defined places have no effect independent of the demographic characteristics of their residents ( About two-thirds of the respondents in the statewide random sample used here reside in the same tract as at least one other member of the sample. That creates the possibility of a regression residual correlated within tracts. 
Sample
Community, Crime and Health (CCH) is a 1995 survey of a probability sample of Illinois households linked to census tract information. Respondents were interviewed by telephone. They were selected using a pre-screened random-digit dialing method that increases the rate of contacting eligible numbers (i.e., decreases the rate of contacting business and non-working numbers) and decreases standard errors compared to the standard MitofskyWaksberg method while producing a sample with the same demographic profile (Lund and Wright 1994). The survey was limited to English-speaking adults. The adult (18 or older) with the most recent birthday was selected as respondent, which is an efficient method to randomly select a respondent in the household. Up to 10 call-backs were made to select and contact a respondent, and up to 10 to complete the interview once contact was made. Interviews were completed with 73.1 percent of the eligible persons who were contacted.
The final sample has 2,482 respondents, ranging in age from 18 to 92, with an average age of 45. The sample's demographic profile is similar to the population (Illinois residents over age 18), but, like most surveys, is somewhat more educated, well-to-do, white, and female. The median family income in the sample is $40,000, compared to $38,664 in the population; the mean education level in the sample is 13.8, compared to 12.7 in the population; the percentage white is 84.0, compared to 80.5; and the percentage male is 41.0 percent, compared to 48.5 percent. Regression models with income, education, race, and sex as independent variables inherently adjust for these differences between the sample and the population it represents (Winship and Radbill 1994).3
Concepts and Measurement
Physical health is the dependent variable. It is measured as an index of self-reported health, physical functioning, and lack of chronic conditions. Self-reported health is the respondent's subjective assessment of his or her general health as very poor (coded 1), poor (2), satisfactory (3), good (4), or very good (5). Physical functioning is measured by asking respondents how much difficulty they have with (1) going up and down stairs; (2) kneeling or stooping; (3) lifting or carrying objects less than 10 pounds, like a bag of groceries; (4) preparing meals, cleaning house, or doing other household work; (5) shopping or getting around town; (6) seeing, even with glasses; and (7) , and poor households tend to be common where mother-headed households are common. Adults with college degrees indicate collective human capital; they provide positive role models of adults with skills, jobs, and connections outside the neighborhood, and their presence signifies to teens that opportunities exist if one stays in school and out of jail . Thus, a lack of well-educated adults in the neighborhood, too, may make an independent contribution to disorder. Poor households, mother-only households, owner occupied houses, and adults with college degrees load on a single factor at .84, .89, -.55, and -.60, respectively, and the alpha reliability of the index is .61.
Objective neighborhood disadvantage is measured using information from the Summary Tape File 3 of the 1990 Census (Bureau of the Census 1992). We matched tract-level data to the geographic location of each respondent. Seven hundred and eleven cases were missing tract level data. For the majority of these cases (511 of 711) we were able to use data at the zip code level instead of the tract-level. Zip codes are somewhat larger units, but they are the next best approximation of a neighborhood. In order to determine the effect of substituting zip code for tract we added to the preliminary regressions a dummy variable distinguishing the two. Its coefficient was never significant and was dropped in the subsequent analyses presented here.
Perceived neighborhood disorder is measured with the Ross-Mirowsky neighborhood disorder scale (1999). Neighborhood disorder refers to conditions and activities, both major and minor, criminal and non-criminal, that residents perceive to be signs of the breakdown of social order. The index measures physical signs of disorder such as graffiti, vandalism, noise, and abandoned buildings, and social signs such as crime, people hanging out on the street, and people drinking or using drugs. It also includes reverse-coded signs of neighborhood order, such as safety, people taking care of their houses and apartments or watching out for each other.
Disorder is perceived and reported by residents of the neighborhood. In order to describe his or her neighborhood, a person must be aware of it and perceive it, and two people in the same neighborhood might describe it somewhat differently. Nonetheless, both are describing a certain place, and correlations between respondents' reports of disorder in their neighborhood and independent assessments by researchers are moderate to high (Perkins and Taylor 1996) . Table 1 lists the items in the index, along with loadings on the first rotated factor from an exploratory factor analysis. The perceived neighborhood disorder scale ranges from order on the low end to disorder on the high end of the continuum, and has an alpha reliability of .916.
Walking is measured as the number of days walked per week. Respondents were asked, "How often do you take a walk?" Open-ended responses are coded into number of days walked per week.
Fear is measured as a mean-score index of the number of days in the last week that someone (1) feared being robbed, attacked, or physically injured; (2) worried that their home would be broken into; and (3) felt afraid to leave the house (alpha = .69).
Individual sociodemographic disadvantage may create apparent contextual effects that actually are compositional, due to the disadvantaged sociodemographic characteristics of the individuals who live in disadvantaged neighborhoods (Jencks and Mayer 1990). Our models include the following individual sociodemographic attributes. Age is scored in number of years. Sex is a binary scored 1 for males and 0 for females. Race is a binary scored 1 for whites and 0 for non-whites. Education is scored in number of years. Household income is coded in thousands of Because urban areas concentrate disadvantaged neighborhoods, apparent neighborhood effects could be due to city residence. Thus, we also include urban residence, measured as a dummy variable which contrasts living in the city of Chicago (coded 1) with residence in suburbs, small cities, small towns, and rural areas (coded 0). Table 2 Individual socioeconomic disadvantage is also associated with worse health. The well educated report better physical functioning, better self-reported health, and fewer health problems than the poorly educated. People with higher incomes have fewer physical limitations, fewer chronic conditions, and feel healthier more than those with lower incomes. The health returns to income diminish as income rises, as indicated by the fact that logged income was more significant than other specifications. Each dollar has a larger positive influence on health at lower levels of income than at higher. Employed persons score higher on the health index than those who are not employed, but occupational status is not significant. Men report better physical functioning, better perceived health, and fewer chronic health problems than women, people with children score higher on the health index than those without children, divorced persons score lower on the health index than do married persons, and older persons score lower on the health index than younger persons.
RESULTS
Standardized coefficients (not shown) indicate that an individual's own socioeconomic status has a larger effect on health than does the neighborhood in which one lives. The beta associated with neighborhood disadvantage is -.05 compared with .11 for household income, .12 for education, and .14 for employment. The health effects of one's own education, employment, and household income are more than double that of neighborhood disadvantage. What are the mechanisms by which neighborhood disadvantage influences health? When neighborhood disorder is added in model 3, the coefficient associated with neighborhood disadvantage is reduced by 57 percent from model 2 and becomes insignificant at conventional levels (-.056 -(-.024) /-.056 = .57). Neighborhood disorder has a significant negative association with health. People who report that there is a lot of crime, graffiti, vandalism, trouble, drug use, dirt, and danger in their neighborhood have more chronic health problems, worse self-reported health, and worse physical functioning than people in neighborhoods typified by order and safety.
Some readers may wonder whether the effect of neighborhood disorder on health results from threat or from squalor. The physi- (-.215 -.165 = -.380) . Social disorder apparently has a larger negative effect on health than does physical disorder. This suggests that the operative factor is exposure to threat, rather than to squalor.
Adding adjustment for frequency of fear in the past week in model 4 of Table 2 Walking is significantly associated with good health, but its introduction in model 5 does not explain any of the effect neighborhood disadvantage on health. In fact, the coefficient associated with neighborhood disadvantage actually increases somewhat. Nor does walking explain any of the association between neighborhood disorder and health, which also increases a little with the introduction of walking.
Why do disorder and fear explain much of the effect of neighborhood disadvantage on poor health, but walking does not? In order to further understand these effects we show the predictions of the three potential mediators in Table 3 . As hypothesized, in disadvantaged neighborhoods, residents report higher levels of disorder than they do in more advantaged neighborhoods. Furthermore, residents of disadvantaged neighborhoods report significantly more fear, and this is due in part to the higher levels of disorder in disadvantaged neighborhoods. Both disadvantage and disorder influence fear, and the introduction of disorder explains about 48 percent of the association between disadvantage and fear (.124 -.065/.124 = .476). Contrary to expectations, though, residents of disadvantaged neighborhoods do not walk less. Instead, there is some evidence that they walk more. Residents of neighborhoods with a lot of disorder do not walk less than those in neighborhoods with higher levels of order, although people who feel afraid do walk less.
Health is damaged by residence in a disadvantaged neighborhood because disadvantaged neighborhoods have high levels of disorder. In these neighborhoods residents face a noxious, threatening, and dangerous environment which negatively impacts health directly and indirectly because it is associated with fear. Thus, the first part of our theoretical explanation is supported. It appears as if the small additional reduction of the disadvantage coefficient with the introduction of fear is simply due to the attenuation inherent in two levels of indirect effects. On the other hand, the hypothesis that residents of disadvantaged and disordered neighborhoods walk less is not supported. In order to further understand why, we disaggregate the neighborhood disadvantage index into its components and predict walking in Table 4 .
Overall, neighborhood disadvantage has little effect on walking because economic disadvantage and educational disadvantage have opposite effects. The percent of college educated residents in the neighborhood is positively associated with walking, which supports our hypothesis. Stated the other way, the absence of college educated residents in a neighborhood, which indicates disadvantage, is associated with a decreased likelihood of walking on the part of residents. However, both aspects of economic disadvantage, poverty and the absence of home ownership, are positively associated with walking, which contradicts our theory. When both are included in the Table 4 , neither is significant, and home ownership is more significant than poverty (with adjustment for neighborhood education), so we show its effect in the table. Residents of neighborhoods where most people own their homes walk significantly less than those in neighborhoods with a high percentage of renters. When neighborhood poverty is substituted for home ownership in the neighborhood, poverty has a significant positive effect on walking (b = .024, Seb = .012, p = .05). Residents of poor neighborhoods where few residents own their homes walk more, not less, which contradicts our theory.5
Walking is typically done on neighborhood streets, so we emphasized it in our theory of the mechanisms by which neighborhoods 
Neighborhood Disorder and Health
Living in a poor neighborhood where many families with children are headed by women, few residents own their homes, and few adults have college degrees appears to erode health because of neighborhood disorder and the fear associated with it. The stress associated with disorder, trouble, crime, danger, and the perception that social order has broken down are associated with worse health. Looked at another way, in neighborhoods with few poor or mother-only households and many college educated adults and home owners, residents generally report that the neighborhood is safe, clean, and quiet, that there is little vandalism, graffiti or crime, and that people maintain their houses and apartments and watch out for each other. These perceptions of social order are associated with better health for all residents, whatever their personal status.
Causation and Selection
Could the association between neighborhood disadvantage and poor health result from unhealthy individuals moving into disadvantaged neighborhoods? While possible, it seems unlikely. The models adjust for stable traits such as race, age, and education that influence health and constrain residential options and choices. They also adjust for possible consequences of poor health that might conceivably limit housing options to disadvantaged neighborhoods: income, employment, and marital status. There seems little reason to think that unhealthy persons would move into disordered neighborhoods more frequently than healthier individuals with similar demographic and socioeconomic profiles. However, it may be that some of the association between poor health and fear reflects vulnerability felt by those who are impaired or sick. Although we may have overestimated fear's damaging effect on health somewhat, it is precisely this association for which the best biological evidence exists. Fear stimulates the release of epinephrine and norepinephrine, followed by release of cortisone and cortisol, which, when chronic, increases blood pressure, serum cholesterol, serum glucose, atherosclerosis, and consequently the risk of diabetes, stroke, heart disease, and so on (McEwen 2000).
Walking is Not the Link
Neighborhood economic disadvantage is associated with the likelihood of walking, but not in the expected way. People who live in poor neighborhoods where few people own their homes are more likely to walk than those in more economically advantaged places. This could be due to the structure of neighborhoods where most people rent, where higher density encourages walking. The fact that people who live in the city of Chicago walk more than residents of suburbs, small cities, small towns, and rural areas gives credence to the idea that density facilitates walking for transportation. Since we have adjusted for household income, it doesn't seem likely that this is simply due to the fact that poor people cannot afford cars, although it is possible (we have no information on car ownership). The propensity to walk in poor neighborhoods where few people own their homes could also be due to a normative climate where people hang out on the street and walk to visit others, go to the corer store, or just go down the street.
People walk more in poor neighborhoods where most people rent rather than own their homes, despite the fact that living in a disadvantaged neighborhood is associated with fear of being attacked and injured and being afraid to leave the house. This effect of dangerous streets does not overcome other effects of poor, rental neighborhoods. We had expected that residents of poor neighborhoods would walk less than the residents of affluent neighborhoods because they would be more afraid of being victimized. Residents of disadvantaged neighborhoods do have higher levels of fear: they are more afraid of being assaulted and injured, more afraid to go out on the streets, and more afraid of having their home broken into. In part this fear reflects high levels of disorder in disadvantaged neighborhoods. Residents of economically disadvantaged neighborhoods walk more than residents of more affluent neighborhoods, despite their fear.
Residents of neighborhoods in which a high proportion of adults have college degrees also walk more. Thus, two aspects of neighborhood socioeconomic status-economic status and education-have opposite effects. Possibly neighborhoods where the college-educated live have a culture of walking in which people walk for exercise, pleasure, and transportation. People may see others walking and adopt the lifestyle themselves-a contagion effect (Crane 1991)-and residents of advantaged neighborhoods are generally not afraid of being victimized on the streets.
Because neighborhood disadvantage does not decrease walking, one part of our explanation for the association between neighborhood disadvantage and health is not supported.
Stress Physiology and Bio-Demography
The endocrinologists' concept of a physiological "fight or flight" response has been around for over half a century (Selye 1956 ). During that same period demographers, social epidemiologists, and sociologists have repeatedly documented the concentration of health problems in disadvantaged populations. The idea of stress, and the word, has diffused and generalized throughout popular and scientific culture. While much was gained in the process, perhaps something was also lost: the centrality of imminent danger. Generalization of the stress response to life's undesirable changes, highly supervised jobs, marital conflict, and so on should not blind us to its unconditioned operation on dangerous streets.
The correlation of neighborhood disorder with poor health points to a new direction for population research on health. It provides a previously unobserved clue to the explanation of persistent and widening socioeconomic disparities in health (Elo and Preston 1996). Poor and poorly educated individuals often live in disadvantaged neighborhoods with high levels of disorder. It also underscores the need to move psychoendocrinology beyond laboratory animals and clinical populations into large scale social and demographic surveys (Umberson, Williams, and Sharp 2000). Psychologists have done much to advance knowledge of the physiological responses linking stress to poor health. As a practical matter, their samples typically consist of subjects such as students taking important examinations, married couples in conflict or under strain, family members caring for impaired elders, and the like. Their research provides valuable information on likely physiological mechanisms linking stress to poor health. We need a complimentary bio-demography that maps population distributions of bioassays indicating stress, that correlates the bioassays with social ones such as neighborhood disadvantage and disorder, and that tests the hypothesis that chronic release of endogenous catecholamines and corticosteroids links threatening environments to poor health.
Despite practical difficulties, advances in biomedical technology increasingly provide assays that use saliva, hair, urine, or blood samples feasible for use in representative household surveys (see Booth, Johnson, and Granger 1999). The association between neighborhood disorder and poor health underscores the need to move psychoendocrinology from laboratories and clinics into the world in which some individuals live, where threat and danger characterize places.
Conclusion
Living in a disadvantaged neighborhood is associated with worse health, net of the health consequences of individual disadvantage. Residents of disadvantaged neighborhoods tend to feel less healthy and have more physical impairments and chronic health problems such as high blood pressure, asthma, and arthritis. The impact of living in a disadvantaged neighborhood on physical well-being is mediated entirely by disorder in the neighborhood, which influences health both directly and indirectly, by way of fear. These neighborhoods present residents with observable signs that social control has broken down: the streets are dirty and dangerous; buildings are rundown and abandoned; graffiti and vandalism are common; and people hang out on the streets, drinking, using drugs, and creating a sense of danger. Residents in these neighborhoods face a threatening and noxious environment characterized by crime, incivility, and harassment, all of which are stressful. The chronic stress of exposure to disorder appears to impair health. NOTES 1. Our theory focuses on neighborhood disorder as a chronic stressor that directly impairs health, and its consequences for fear and outdoor physical activity that indirectly affect health, but there may be other mechanisms by which neighborhood disadvantage affects health, some of which we address in the discussion. 
